Direct visualization of the calmodulin subunit of phosphorylase kinase via electron microscopy following subunit exchange.
Calmodulin is a tightly bound, intrinsic subunit (delta) of the hexadecameric phosphorylase-b kinase holoenzyme, (alphabetagammadelta)4. To introduce specifically labeled calmodulin into the phosphorylase-b kinase complex for its eventual visualization by electron microscopy, we have developed a method for rapidly exchanging exogenous calmodulin for the intrinsic delta subunit. This method exploits previous findings that low concentrations of urea in the absence of Ca(2+) ions cause the specific dissociation of only the delta subunit from the holoenzyme [Paudel, H. K., and Carlson, G. M. (1990) Biochem. J. 268, 393-399]. In the current study, phosphorylase-b kinase was incubated with excess exogenous calmodulin and a threshold concentration of urea to promote exchange of its delta subunit with the exogenous calmodulin. Size exclusion HPLC was then used to remove the excess calmodulin from the holoenzyme containing exchanged delta subunits. Using metabolically labeled [35S]calmodulin to allow quantification and optimization of exchange conditions, we achieved exchange of approximately 10% of all delta subunits within 1 h, with the exchanged holoenzyme retaining full catalytic activity. Calmodulins derivatized with Nanogold for visualization by scanning transmission electron microscopy were then exchanged for delta, which for the first time allowed localization of the delta subunit within the bridged, bilobal phosphorylase b kinase holoenzyme complex. The delta subunits were determined to be near the edge of the lobes, just distal to the interlobal bridges and proximal to a previously identified region of the enzyme's catalytic gamma subunit.